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To comfortably inhabit historic buildings we have developed 
mechanical devices to manage the internal environment so that 
it is possible to keep the room temperature stable despite season 
and climate. However, enormous energy is necessary to sustain 
these machines,  which poses practical and environmental 
problems. To overcome and prevent this waste, efforts have 
been made to control the internal environment of contemporary 
buildings using natural principles. Is it possible to use this 
approach to improve the performance of historic buildings 
without compromising character or significance?
This is an ideal topic to test against RISD campus buildings. The 
campus is made up primarily of buildings built over 100 years 
ago, and most are structurally and mechanically vulnerable. 
The majority of buildings are insulated from the exterior wall, 
while the insulation of the windows and the efficiency of the 
air conditioning and ventilation systems are inadequate. Based 
on analysis of the age and inefficiency of each building, the 
Metcalf Building must be addressed, as the analysis shows that 
Metcalf has many overheated departmental spaces.  There is 
no air-conditioning facility and the effectiveness of ventilation 
is not properly maintained. This problem eventually causes the 
temperature and humidity to rise excessively due to heat emitted 
from people and machines. If we develop conventional facilities 
to resolve this, it will consume an enormous amount of energy 
to maintain the indoor environment, and spatial losses can not be 
avoided.
Abstract
Marey, Étienne Jules. 1901. Cinémathèque française, Paris. Movements of 
Air Etienne-Jules Marey (1830-1904) Photographer of Fluids. 2006. Accessed 
April 14, 2017. http://www.musee-orsay.fr/en/events/exhibitions/in-the-musee-
dorsay/exhibitions-in-the-musee-dorsay-more/page/0/article/mouvements-
de-lair-etienne-jules-marey-1830-1904-photographe-des-fluides-4216.
html?S=1&cHash=32f946d9f6.
Triangular prism presenting one of its bases to the air stream, fourth and last version 
of the smoke machine equipped with 57 channels 1901 Modern print after the 
negative plate with gelatino-bromure on glass Paris, Cinémathèque française
How can we resolve heating and cooling the Metcalf Building 
without creating other issues?  This problem can be effectively 
overcome by applying the principle of air convection to a 
building. Air convection is the circular motion that occurs when 
warmer air — which has faster moving molecules, making it less 
dense — rises, while the cooler air drops. Using this principle, 
the hot air inside the building is discharged to the outside, 
and the cold air from outside is sucked in to create a natural 
air-conditioning and ventilation system. An example of this 
phenomenon is the termite habitat: termites circulate air using 
the temperature difference between the habitat and the ground. 
Through this difference in temperature, the cold air continues to 
be supplied to the inside of the habitat, and the heated air from 
the inside is discharged to the outside.
The same principles will be applied to the Metcalf Building.  
First, install ceiling panels that will allow air circulation inside 
the building. Second, the double facade is used to create a 
passage  for air flow. Cold air and hot air will move through 
this passage. The cold air flowing from the back of the building 
passes through the ceiling panels of each floor and is then 
discharged outside. Finally, electricity is produced using the 
speed at which the discharged air flows. The energy thus 
generated is used to help air circulate inside the building. In 
doing so, the room temperature can be efficiently maintained 
using only a small amount of energy without changing the 
essential character of the historic building.
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1. WENDY
 MoMa PS1, Long Island City, New York, 2012 by HWKN
2. Library of TU Delft
 Delft University of Technology, Delft, Netherlands, 1998 by mecanoo
3. Rose em Lend
 Graz, Austria, 2008 by INNOCAD
4. Würzburg Power Station
 Würzburg, Germany, 2006 by Brückner & Brückner Architekten
5. Adaptive Respiration
 Torino, Italy, 2010 by Cesar Madrigal
6. BRE(Building Research Establishment) Building
 Garston, Watford, UK, 1996 by Bernard Williams and Associates
Precedents
14
WENDY
Wendy is HWKN’s temporary summer installation for the 
2012 Young Architects Program. As an experiment in pushing 
the boundaries of what architecture can do in an urban 
environment, Wendy certainly makes an impression.
Her blue spiky arms shoot passed the confines of PS 1′s 
courtyard walls, immediately attracting the attention and 
piquing the curiosity of those meandering along Jackson Street.
Conceptualized as a storm, Wendy intends to challenge the 
public’s notion of hat architecture should be, as the structure’s 
ecological function will actually clean the air.1
1 “Wendy.” Hollwich Kushner. Accessed May 07, 2017.
http://hwkn.com/projects/wendy/.
MoMA PS1, Long Island City, New York, 2012 
By HWKN
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Moran, Michael. "Wendy." Digital image. Hollwich Kushner Architecture DPC.  
Accessed January 31, 2017. http://hwkn.com/projects/wendy/.
Photos of "WENDY"
16
Breathing process of 
Wendy
17
Ceiling fans create air movement
Water misters keep lower fabric moist and cool
Temperature stratification
Stack effect pulls moist and hot air
Cleaning air quality
Fabric with air transmission
Chilled surface provide radiant comfort
Build shadow area
Cooling
Exhalation
Inhalation
18
A vast lawn opposite the Brutalist concrete auditorium is tilted at 
one point; the library slides into the resulting space underneath. 
A cone, the symbol of technical engineering, pierces the lawn 
and library, attaching them like a push pin. Landscape, library 
and auditorium form a new unity becoming the preferred meeting 
place on the TU Delft international campus. Upon entering, 
visitors are drawn to the impressive wall of books that hangs 
in front of an expansive deep blue background. The columns in 
the central space not only support the structure but also provide 
heating and ventilation, and illuminate the continuous metal 
ceiling that flows across all spaces.
Daylight enters the building through the climate-controlled glass 
façades, as well as through the cone whose base forms the focal 
point of the central space. Moreover, the cone shapes different 
reading rooms on the upper floors. Mecanoo continues to work 
with the library, designing incremental upgrades of the learning 
environments and offices spaces.2
Library in Delft
Delft University of Technology, Delft, 
Netherlands, 1998 by mecanoo
2 Library Delft University of Technology. Accessed May 07, 2017. http://www.me-
canoo.nl/Projects/project/27/Library-Delft-University-of-Technology?t=0. 
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Mecanoo. "Library Delft University of Technology." Digital image. Mecanoo. Accessed January 31, 2017. 
http://www.mecanoo.nl/Projects/project/27/Library-Delft-University-of-Technology?t=0. 
Photos of the library of TU Delft
20
Temperature controlling
21
Support the cooling
Climate control inside the building
Improve air quality
Energy efficiency
Support the natural ventilation
Cooling the interior
Planted layer roof slab
Double-facade construction
22
The Rose am Lend is much more than simply a building. It is 
a snapshot in the history of development and an essential part 
of the changes and development in one of the most complex 
quarters of Graz. It is one of the oldest surviving buildings on 
the Lendplatz Square, dating as it does from the Baroque period 
of the early 18th century. The Rose am Lend creates a powerful 
and unmistakable identity in a highly heterogeneous urban 
environment. The 11 dwelling units create living space of the 
highest quality and the business premises on the ground floor 
follow the tradition of the trade and commerce here and also the 
marketplace tradition of the square.3
Rose am Lend
Graz, Austria, 2008 by INNOCAD
3 ”Rose Am Lend.” Rose Am Lend | INNOCAD. Accessed December 02, 2016. 
http://innocad.at/projects/rose-am-lend/.
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Ott, Paul. "Rose Am Lend." Digital image. INNOCAD. Accessed January 31, 2017. http://innocad.at/projects/rose-am-lend/.
Photos of "Rose Am Lend"
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Insulating building 
envelope
25
Ceiling fans create air movement
Water misters keep lower fabric moist and cool
Temperature stratification
Replaced material that made 
during the Baroque period
The oldest surviving 
building in the area
Extension of a baroque house
Refurbishment
Symbolic architecture
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Würzburg's old harbour is not unknown to architecture and 
art lovers. In 2002, the Kulturspeicher was opened, Brückner 
& Brückner Architekten converted a warehouse building into 
the museum, in which the much too little known collection 
C. Ruppert can be seen with mainly concrete art. Now the 
same architects have again contributed to the architectural and 
urban upgrading of the site by rebuilding the power plant next 
door. Measured by what is usually expected of a power plant, 
the profit is even higher than the museum failed. The power 
station, which had been extended in several steps since the 
1950s, was regarded as a shame spot, all the more because it 
borders directly on the inner city. With the conversion from 
coal to gas operation again an expansion was necessary, but this 
time demanded the city an architecturally demanding solution. 
Brückner & Brückner architects won the invited competition 
and were able to convince the initially skeptical builders in the 
course of the further procedure that the money is well spent in 
an architectural dress.4
Würzburg Power Station
Würzburg, Germany, 2006 
By Brückner & Brückner Architekten
4 “Bau Der Woche.” Bau Der Woche: Fassadenumgestaltung Heizkraftwerk, 
Würzburg - Brückner & Brückner. Accessed December 02, 2016. http://www.
german-architects.com/de/projects/27516_Fassadenumgestaltung_Heizkraftwerk_
Wuerzburg.
27
Meyer, Constantin. "Würzburg power plant." Digital image. Power and heat supply plant. 2006. Accessed January 31, 2017. 
http://architizer.com/projects/power-and-heat-supply-plant/.
Photos of "Würzburg power plant"
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Transition of building 
envelope
29
Steel plates are placed based on the sun path
Dividing day/night light
Strong budget restriction
Horizontally divide the area 
around the power plant
Sun path
Low budget
Wide acceptance
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Through the extensive use of parametric technology and 
the study of animal physiologies, the facade design uses the 
intrinsic properties of Iguana respiration as its conceptual 
background. The breathing process of this reptile ultimately 
informed each component’s design and function from heat 
storage to the release of cool air, thereby developing a skin 
which responds to the climatic conditions of Torino. Within 
each component is a subset of information which controls 
aperture, allowing or inhibiting direct solar radiation into the 
interior of the apartment building. Environmental analysis and 
a component aggregation process results in a reticulated system 
of controlled geometries which improve the living conditions in 
a typical building construction.5
Adaptive Respiration
Torino, Italy, 2010 by Cesar Madrigal
5 Madrigal, Cesar. “Adaptive Respiration.” Behance. August 1, 2010. Accessed 
April 15, 2017. https://www.behance.net/gallery/4702825/Adaptive-Respiration.
Eco-Physiological Approach to Parametric Architecture
31
Madrigal, Cesar. “Adaptive Respiration.” Behance. August 1, 2010. Accessed April 15, 2017. 
https://www.behance.net/gallery/4702825/Adaptive-Respiration.
Eco-Physiological Approach to Parametric Architecture
32
Air flow Control
of biomimicry
33
To apply conceptual ideas practically, we quantified 
objects, converted them into linguistic forms that can 
be applied to architecture.
In-depth research on iguana respiration and utilized 
this biological framework to not only understand the 
behavior of a natural system, but also to inform the 
design of a built system.
Controls aperture, allowing or inhibiting direct solar 
radiation into the interior of the apartment building
Utilization of parametric tools
Concept from Biomimicry
Higher performance
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The BRE Building project was designed to be an example of 
new EoF (Energy Efficient Office of the Future) performance 
specifications. BRE’s is an establishment whose job it is 
to overlook other architectural projects and their progress 
in energy-efficient and “Green” building design: they used 
this building as an opportunity to demonstrate all of the 
characteristics and attributes of what new “Green” building 
technologies had to offer. Key foci went beyond just energy 
consumption and looked at embodied building material energy, 
the building’s CO2, SO2, NO, methane, and particulate 
emissions. The project was sited in the core of an old campus 
on top of old damaged buildings that would be reused in 
construction.6
BRE Building
Garston, Watford, UK, 1996 
By Bernard Williams and Associates 
6 “Feilden Clegg Bradley Studios.” New Environmental Office, BRE | Work | 
FCBStudios. 1996. Accessed April 15, 2017. http://fcbstudios.com/work/view/
new-environmental-office-bre.
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“Feilden Clegg Bradley Studios.” New Environmental Office, BRE | Work | 
FCBStudios. 1996. Accessed April 15, 2017. 
http://fcbstudios.com/work/view/new-environmental-office-bre.
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Air flow Control
of biomimicry
37
To apply conceptual ideas practically, we 
quantified objects, converted them into linguistic 
forms that can be applied to architecture.
In-depth research on iguana respiration and 
utilized this biological framework to not only 
understand the behavior of a natural system, but 
also to inform the design of a built system.
Controls aperture, allowing or inhibiting direct 
solar radiation into the interior of the apartment 
building.
Utilizing sun light
Solar chimney system
Air convection current
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WENDY
MoMa PS1, Long Island City
New York, 2012 by HWKN
Installation
Ecological function
↕
Unconventional
Installation
Planted layer roof slab
Temperature Control
↕
Conventional way to make
Higher performance
Library of TU Delft
Delft University of Technology, Delft
Netherlands, 1998 by mecanoo
Preserve existing style
Add Insulation
↕
Historical way to
Improve performance
Rose em Lend
Graz, Austria, 2008 by INNOCAD
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Minimal renovation
High efficiency
↕
Restricted condition
Effective result
Air convection currents
Curved ceiling
↕
Passive cooling / heating
Higher Efficiency
Adapting
Biomimicry
↕
Passive cooling
Higher Efficiency
Würzburg  Power Station
Würzburg, Germany, 2006 by Brückner & 
Brückner Architekten
BRE Building
Garston, Watford, UK, 1996 by Bernard 
Williams and Associates
Adaptive Respiration
Torino, Italy, 2010 by Cesar Madrigal
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Campus building analysis
Thermal analysis of RISD campus building
Overall condition of insulation & mechanical system in RISD campus building
Site specification
Site
Existing building documentation and analysis
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Fones Cottage
Alumni House
Pardon Miller House
Carr House
Nightingale House
Dwight House
Tillinghast Estate
187 Garage+Studios
Dexter House
What Cheer Garage
Memorial Hall
Carpenter House
Metcalf Bldg
Dunnel House
Thompson House
161 South Main
Fletcher
Ewing Center
Waterman Bldg
Plantations Barn Bldg
East Hall
Woods Gerry
189 Canal
College Bldg
Plantation 1, 2, 3
Cable Car / Page Bldg
Market House
Design Center
Fire House
123 Dyer
Chase Center
Barstow House
Auditorium
Bayard Ewing Bldg
Illustration Studies Bldg
Colonial Apt.
15 Westminster
CIT/Mason Bldg
Bank Building
Benson Hall
Larned House
Congdon House
Tanner Bldg
20 Washington Place
Unknown/Malfunctioned Minimal/Worse Renocated/Good
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Overall condition of building envelope insulation
RISD Campus Building
Based on the document which is about building assessment, the Overall condition of RISD 
Campus Building is severe. 95% of the building don't have particular insulation in the exterior 
wall, and more than 50% of the building doesn't have at the roof top. Furthermore, almost every 
window are single pane glass. So that, couldn't prevent heat loss from the interior. Only a few 
recently renovated buildings are blocking well. But, even those buildings are not perfectly covering 
the building.
The problem also appears clearly in the mechanical system. As in the case of insulation, about 
70% of the buildings do not have their cooling system installed, and the heating system consumes 
a significant amount of energy in an old state. Ventilation systems can only be ventilated through 
exterior window windows except for recently renovated buildings.
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Thermal Analysis
Just as heat is pulled away from a person's body to an unclothed 
skin, heat loss occurs on the surface that is not insulated in 
the building. The photographs below show how RISD campus 
building are vulnerable to insulation and how much additional 
insulation is needed. And it is necessary to take measures to 
efficiently manage and reuse significant amounts of energy 
emitted from the outside.
105 °F ~ 110 °F
100 °F ~ 105 °F
90   °F ~ 100 °F
80   °F ~   90 °F
Measurement of context temperature
45
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BUILT NAME EXTERIOR ROOF WINDOW CONDITION
1917-1919 15 WEST 2
1856 161 SOUTH MAIN ST. 3
187 GARAGE 3
1822 ALUMNI HOUSE 1
1940-1941 AUDITORIUM 1
1912-1913 BANK BUILDING 2
1838 BARSROW HOUSE 1
1848 BEB 2
1924 BENSON HALL 2
1900/1976 CABLE CAR 3
1857 CARPENTER HOUSE 3
1885 CARR HOUSE 2
1915 CENTRAL POWER PLANT 3
2008 CHACE CENTER 2
1903 CIT/MASON 3
1936-1937 COLLEGE BUILDING 3
1931 COLONIAL APT. 3
1812-1818 CONGDON HOUSE 3
1985-1987 DESIGN CENTER 3
1820 EXTER HOUSE 2
1884 DUNNELL HOUSE 3
1878 DWIGHT HOUSE 4
1865-1886 EAST HALL 3
1780/1972 EWING CENTER 2
1993 FARGO WING 3
1892 FIRE HOUSE 1
1893/1903 FLETCHER 2
1838 FONES COTTAGE 2
1957-1959 HOMER HALL 3
1985-1986 HOMER-NICKERSON CONNECTOR 4
1845 LARNED HOUSE 1
1773-1773 MARKET HOUSE 1
MEETING ST. STUDIO 3
1851-1852 MEMORIAL HALL 2
1915;1920 METCALF BUILDING 3
1957-1959 NICKERSON HALL 2
1856 NIGHTINGALE HOUSE 2
1900 PAGE BUILDING 4
1822 PARDON MILLER HOUSE 4
1906 PENDLETON HOUSE 3
1975/1978 PLANTATIONS BARN BLDG. 2
1948 PROV WASH 2
1924-1926 RADEKE BUILDING 3
1957-1959 REFECTORY 1
1985-1986 SOUTH HALL 3
1894 TANNER BUILDING 1
1845 THOMPSON HOUSE 2
1892-1893 WATERMAN BUILDING 2
1896-1897 WATERMAN GALLERIES 3
Unknown / No insulation
Minimal / Worse
Good / Renovated
Condition of 
building envelope
insulation
84% of RISD Campus buildings don't have insulation in existing 
wall, and 23% of them don't have the roof. Besides, 23% of them 
have just a single pane of glass for windows. Furthermore, the 
Overall condition of building envelope insulation is average less 
than 3 out of 5 points.
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BUILT NAME HEATING COOLING VENT CONDITION
1917-1919 15 WEST 5
1856 161 SOUTH MAIN ST. 3
187 GARAGE 3
1822 ALUMNI HOUSE 4
1940-1941 AUDITORIUM 3
1912-1913 BANK BUILDING 5
1838 BARSROW HOUSE 5
1848 BEB 2
1924 BENSON HALL 2
1900/1976 CABLE CAR 5
1857 CARPENTER HOUSE 5
1885 CARR HOUSE 2
1915 CENTRAL POWER PLANT 3
2008 CHACE CENTER 2
1903 CIT/MASON 5
1936-1937 COLLEGE BUILDING 4
1931 COLONIAL APT. 5
1812-1818 CONGDON HOUSE 3
1985-1987 DESIGN CENTER 5
1820 EXTER HOUSE 3
1884 DUNNELL HOUSE 3
1878 DWIGHT HOUSE 4
1865-1886 EAST HALL 3
1780/1972 EWING CENTER 5
1993 FARGO WING 4
1892 FIRE HOUSE 4
1893/1903 FLETCHER 2
1838 FONES COTTAGE 2
1957-1959 HOMER HALL 3
1985-1986 HOMER-NICKERSON CONNECTOR 4
1845 LARNED HOUSE 1
1773-1773 MARKET HOUSE 1
MEETING ST. STUDIO 3
1851-1852 MEMORIAL HALL 2
1915;1920 METCALF BUILDING 3
1957-1959 NICKERSON HALL 2
1856 NIGHTINGALE HOUSE 2
1900 PAGE BUILDING 4
1822 PARDON MILLER HOUSE 4
1906 PENDLETON HOUSE 3
1975/1978 PLANTATIONS BARN BLDG. 2
1948 PROV WASH 2
1924-1926 RADEKE BUILDING 3
1957-1959 REFECTORY 1
1985-1986 SOUTH HALL 3
1894 TANNER BUILDING 1
1845 THOMPSON HOUSE 2
1892-1893 WATERMAN BUILDING 2
1896-1897 WATERMAN GALLERIES 3
Unknown / No cooling
Minimal / Worse
Good / Renovated
Condition of 
building mechanical
system
Almost all RISD campus buildings have an aging air 
conditioning and ventilation system. Also, the vast number of 
buildings do not have their cooling systems, and the temperature 
is controlled by a simple air conditioner installed in the windows 
individually. Except for buildings that have recently been 
renovated or newly added, ventilation systems are only made 
through windows installed on their own. The overall mechanical 
condition is 3 out of 5 points.
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Site
Specification 
Identify the most active heat circulation in 
the RISD campus building, then analyse the 
particular thermal cycling activity within it and 
present a solution accordingly.
Among the programs belonging to each building, 
there are a lot of heat and a lot of heat energy. 
The purpose of this study is to investigate the 
characteristics of each program.
“Thermal Imaging.” Digital image. Lufthansa Aerial Service. 
Accessed April 24, 2017. 
http://v/construction.
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“Metcalf Building.” Digital image. Digital Commons @ RISD.  
Accessed February 10, 2017.  
http://digitalcommons.risd.edu/risdbuildings/114/.
Metcalf Building
14 North Main Street, Providence, RI
Ceramics Offices + Studios 
Furniture Design Wood shop
Glass Offices + Studios
Jewellery + Metalsmith Offices + Studios
Sculpture Offices + Studios
Textiles Studio
Zoning District
 - I-2 Educational Institutional District
Purpose
- Permits higher education institutions and their expansion in a planned manner, while protecting the 
surrounding neighbourhoods
Dimensional Standards
- Maximum building height : 75’
- Interior Setback : None, unless abutting a residential district then a minimum of 6’ plus 4’ for each 12’ in 
height over the first 12’
- Corner Side Setback : None
- Rear Setback : None, unless abutting residential district, then 30’
52
No Insulation
Minimal Insulation
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Site Context
Exterior
Envelope Insulation Heating
The EPDM roof likely has rigid insulation below the membrane. 
There is no insulation at the exterior walls or in the basement. 
Exterior Kalwall panels are double glazed and nearing the end 
of their useful life. Operable windows are a mix of single and 
double glazing
Overall conditions : 2 of 5
Heat for the building is provided by the campus steam 
distribution. Steam is delivered to various coils located at 
makeup air units and to baseboard located at the perimeter of the 
building.
Overall conditions : 4 of 5
Building Envelope Cooling
The shell is in generally good condition with new roof and 
watertight masonry. The exterior Kalwall panels and many 
windows are due for replacement. The basement is watertight. 
Window wells and sawdust evacuation system need to be better 
coordinated.
Overall conditions : 3 of 5
No central cooling is available.
Overall conditions : 0 of 5
Structure Ventilation
No major structural deficiencies were observed. Floor slabs are 
subject to damage due to cart use. Exterior masonry walls are 
generally fine but due for repointing in some areas, and capstone 
security should also be checked. The new Glass Department 
floor slab was under construction at the time of observation. The 
loading dock is damaged and awkward to use.
Overall conditions : 3 of 5
Ventilation is from operable windows.
Overall conditions : 3 of 5
54
Excess heat production
Normal heat production
55
Site Context
Interior
Excess heat production
There are facilities in Metcalf building that dissipate large amounts of heat. For example, ma-
chines in the Wood shop or tools in the Glass Hot shop have a lot of heat. Therefore, a device for 
controlling this is needed.
Glass Hot Shop // 1020 °F
Metal Hot Shop // 800~1700 °F
Normal heat production
Heat is also emitted from people using space. And depending on how many people are staying in 
the space, the thermal energy of the space also appears differently. Because of this, it is necessary 
to devise necessary means by comparing peak time and non-peak time.
Normal human body temperature // 100.4 °F
56
January February March
April May June
July August September
October November December Shade
Light
57
Site Context
Seasonal light / shade
Solar exposure
Annual temperature
To induce the air convection by the solar heat, it is necessary to know how the Metcalf building is 
exposed to the sunlight. Based on this, the part which is heated by the solar heat and the part which 
is cold in the opposite direction are grasped to make a smooth air flow. The cold air generated 
from the shadows is transmitted to each space in the building, and after each space is cooled, it is 
naturally discharged to the part heated by the solar heat.
Annual high temperature : 60.5 °F
Annual low temperature : 42.5 °F
Average temperature : 51.5 °F
The length of the day in Providence caries significantly over the course of the year. In 2017, the 
shortest day is December 21, with 9 hours, 8 minutes of daylight; the longest day is June 21, with 
15 hours, 13 minutes of daylight.
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Design Concept
 Air convection current
 
 Conceptual movement
 Definition of air convection current
 Termite habitat
 Conceptual approach
Framework of intervention
 Adapting Air convection current
Design Process
Sustainable solution
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Instead of adding a universal cooling system to the Metcalf Building where the building’s air-
conditioning system does not exist, the problem must be solved with natural airflow. To apply a 
natural cooling system using air convection, we first need to simulate the situation that we want 
to conceptually take into consideration the existing building location, direction and surrounding 
situation and The necessary conditions should be analyzed and reflected in the actual design.
From cold to hot
Conceptual Approach
62
Metcalf building does not have this kind of cooling system, 
though there are a lot of spaces that have an enormous amount of 
heat. Therefore, it is effective to use natural methods to increase 
the efficiency of buildings with these problems.Convection of 
air is one of the ways to solve this issue. Convection of air refers 
Air circulation
Convection 
current
Air Convection Currents
to the natural movement of air from a cold place to a hot place. 
If this principle is applied to the heating and cooling system and 
the ventilation system of the building in which we live, we can 
efficiently manage it with a small amount of energy.
63
Termite Mounds
The habitat of termites is an example of how the convection 
phenomenon of air mentioned above is utilized well. As you can 
see from the picture on the side, termites efficiently circulate 
air inside the habitat through the entrance and exit. Inhale 
cold air below the relatively low-temperature surface and 
Termites Habitat Convection Currents
Inlet
Porous Surface
Capped Chimney Mounds
(Thermosiophon Flow)
Open Chimney Mounds
(Induced Flow)
Inlet
Outlet
discharge hot air to the top of the habitat exposed to the sun. 
The goal is to efficiently manage and maintain the temperature 
and environment inside the habitat by using the convection 
phenomenon.
64
Instead of adding a universal cooling system to the Metcalf 
Building where the building’s air-conditioning system does 
not exist, the problem must be solved with natural airflow. To 
apply a natural cooling system using air convection, we first 
need to simulate the situation that we want to conceptually take 
into consideration the existing building location, direction and 
surrounding situation and The necessary conditions should be 
analyzed and reflected in the actual design.
Passive Cooling System
Conceptual Approach / 01
Variation_01
Variation_02
65
Variation_01 Variation_02
66
Sun path
Air path
Air movement diagram 
67
To apply the principle of air convection mentioned above to Metcalf building, you first have to know the longest 
exposure to the sun. The later the longer the exposure, the higher the ambient temperature and the higher the air 
in that area. On the other hand, the opposite side of the building has less time to be exposed to the sun, and the 
temperature is lowered to suck the outside air. As the temperature of the sun expands and thus the temperature 
changes, the airflow naturally provides cold air to the interior of the building. By applying this principle to the 
design, we can expect to improve the performance efficiently.
Guiding air movement
Conceptual Approach / 02
68
Excessive heat energy source
69
Conveying air to Excessive heat source
Framework of Intervention / 01
To smoothly circulate the air inside, it is necessary to pay attention to the programs existing inside this building. 
Because of the facilities that this building has. Among them, glass hot shop, which belongs to the Department of 
glass crafts, is one of the hottest heat spots. The facility maintains 2400 degrees Fahrenheit throughout the day 
to melt glass for craft use and there is an enormous amount of heat coming out of this kiln. This heat spreads 
throughout the building, raising the temperature of the entire space high.
Contrary to the fact that the heat that is emitted is spread out into each space, the cold air that is carried from the 
outside is collected toward this facility. This air circulating force can push the hot heat out naturally and create a 
natural ventilation system.
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Conveying air to Excessive heat source
Framework of Intervention / 02
To smoothly circulate the air inside, it is necessary to pay 
attention to the programs existing inside this building. Because of 
the facilities that this building has. Among them, glass hot shop, 
which belongs to the Department of glass crafts, is one of the 
hottest heat spots. The facility maintains 2400 degrees Fahrenheit 
throughout the day to melt glass for craft use and there is an 
enormous amount of heat coming out of this kiln. This heat 
spreads throughout the building, raising the temperature of the 
entire space high.
Contrary to the fact that the heat that is emitted is spread out 
into each space, the cold air that is carried from the outside is 
collected toward this facility. This air circulating force can push 
the hot heat out naturally and create a natural ventilation system.
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Isometric ceiling pattern diagram
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Discharging heat
Framework of Intervention / 03
The hot air carried from the ceiling panels of each floor moves out of the building along the panel spacing. At this 
time, the air moves naturally to the sunshine west outer wall, and the carried air is discharged from inside the facade 
of another layer to be installed on the outer wall to the upper side of the building. The hot air collected from the 
basement rises to the top of the rooftop, leaving the pedestrians and people in the building away. On the principle 
of air convection, the temperature between the existing outer wall and the new layer is exposed to the sun and the 
internal temperature rises. And this hot air rises naturally to upward.
Contrary to the hot side, the east outer wall forms a cold air due to the shadow. The cold air thus formed is supplied 
to each layer through the aforementioned second layer. The temperature difference of the air enables the internal 
temperature to be adjusted and controlled without the need for a separate additional device and a significant amount 
of energy consumption.
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Producing energy
Framework of Intervention / 04
Additional equipment must be installed to use the cooling and 
ventilation systems that utilize the air convection described 
above more efficiently. For example, you should install a fan to 
smooth the airflow, or a chilled panel to change the cold air from 
outside to a more suitable temperature for cooling. However, to 
operate these devices, energy must eventually be consumed, and 
the energy can be produced on its using elements of the campus 
building.
Behind the Metcalf Building is the central power plant, which is 
responsible for supplying energy to the RISD campus buildings. 
And there is a high and hot chimney connected to the boiler. 
This chimney is always kept at a high temperature due to the 
boiler running to maintain the proper temperature of the campus 
building.
Therefore, applying the principle of a solar chimney to these 
chimneys can make it possible to produce its energy with the 
power of a strong ascending current. First, the shadow raises the 
cold air that sucks in behind the building and provides power 
by that force. Second, the air carried in the Metcalf Building 
is sucked into the solar chimney, making the force of the 
ascending current stronger. Finally, the strength of a powerful 
ascending current can turn the air turbine and produce energy. 
This air convection can be applied to the stack to increase energy 
efficiency dramatically.
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Solar chimney renderings
Wind turbine 01
Triangular glass panel
Wind turbine 02
Existing chimney
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Resolving heat island effect
Framework of Intervention / 04
The last thing you need is an element to connect all of these. 
This element should cool down the rooftop exposed to the sun 
for the longest time of day. Also, the temperature of the air to 
be delivered must be lowered to promote overall airflow. This 
purpose can be solved by installing a rooftop garden. Hot air 
from the inside of the building moves to the roof through the 
layer mounted on the outer wall of the west side of the building. 
This air flows under the garden installed on the roof and flows 
to the solar chimney behind the building and is discharged to the 
outside. In conclusion, cold air sucked from the shadows behind 
the building is supplied to each floor in the building. Then the 
hot air from each floor is carried to the roof and cooled down. 
Finally, the chilled air is naturally sucked into the hot solar 
chimney and discharged to the outside.
There is another benefit of having a rooftop garden. As greenery 
is added to the roof, it can absorb and reflect solar heat, which 
serves to lower the overall temperature of the building. The 
rooftop garden serves as a bridge between the ceiling panels, 
double façades and solar chimneys, helping the air flow more 
smoothly.
Roof garden structure detail
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Roof garden isometric render
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Drawings and renderings
 
 Floor plan
 Reflected ceiling plan
 Sections
 Elevation
 Exploded axonometric drawing
 Perspective rendering
Design Proposal
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Efficiency programming
Floor plan
To make airflow more efficient in the Metcalf Building, it is necessary to change 
the layout of the existing building facilities along the ceiling panels. To do this, 
move the current central corridor to both layers to move people. Then, using the 
widened space, all the space is arranged from the east to the west, and the air flow 
is newly disposed of without clogging.
Metcalf Building
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Vertical air flow
Section
Through the rearranged spaces and the newly designed exterior wall layers, the overall airflow 
flows naturally. The cold air from the shadows of the east side of the building is supplied to 
each floor through a layer. And the hot fires coming out of each floor, people, and machine are 
discharged through the layer to the west of the building.
The hot air thus discharged is passed through the roof in summer and is released into the solar 
chimney behind the building. At this time, due to the hot heat of the chimney and the surface 
exposed to the sun, a strong upward airflow is formed, and the upward airflow is utilized to 
generate energy.
In winter, heating can be efficiently managed by utilizing the hot air produced in the building. Keep 
the hot air leaving the building a little longer to keep the room temperature.
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Air circulation / Summer season
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Air Circulation / Winter season
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North-south Section destial / Roof garden
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Detail cross section / Roof garden
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Exploded isometric intervention
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Isometric view of intervention
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North Main Street render view
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Perspective render view

97
Annotated Bibliography
98
SOURCES
RISD MASTER PLAN FACILITIES ASSESSMENT. PDF. Pawtucket, RI: Lerner Ladds Bartels Architects, 
October 1, 2014.
This report is a culmination and written documentation of the campus facilities assessment process. The assumptions and 
exclusions are as important as the recommendations and conclusions in the future use of this document and database. This 
assessment is a composite of the available data, assumptions about visual observation, concealed conditions, recognition that 
design issues are beyond the scope of the assessment, and inherent pricing volatility.
RISD Campus Master Plan Addendum. PDF. Providence: RISD, June 2016.
This report is addendum of RISD Master Plan. It contains space needs of the campus facilities and planning projects in 2015-
16.
RISD Campus Master Plan Summary. PDF. Providence: RISD, February 2015.
This report is summary of entire RISD Master Plan.
OFFICIAL WEBSITES
"MoMA PS1: YAP: Wendy by HWKN." MoMA PS1: YAP: Wendy by HWKN. Accessed December 02, 2016. 
http://momaps1.org/yap/view/15.
This website is the official one of MoMa PS1. It contains all of the information about “WENDY” which is about general 
information and also purpose of this project.
"Wendy PS1 MoMA, New York, NY, USA." Wendy PS1 MoMA | Transsolar | KlimaEngineering. Accessed 
December 02, 2016. http://www.transsolar.com/projects/wendy-ps1-moma.
This website is the official one of Transsolar which is an international climate engineering firm determined to create 
exceptional, highly comfortable indoor and outdoor space with a positive environmental impact. They also participated in this 
project that engineering air circulation system. 
"TU Delft Library." TU Delft Library: The Building. Accessed December 02, 2016. http://www.library.tudelft.
nl/en/visitor-info/the-building/.
This is official website of Delft University of Technology. This website provides recapitulative information about Delft library. 
"Library Delft University of Technology." Library Delft University of Technology. Accessed December 07, 
2016. http://www.mecanoo.nl/Projects/project/27/Library-Delft-University-of-Technology?t=0.
This website is the official one of Mecanoo which is constructed this project. It contains general information about Delft library 
and provides pictures of interior and exterior.
"Rose Am Lend." Rose Am Lend | INNOCAD. Accessed December 02, 2016. http://innocad.at/projects/rose-
am-lend/.
This website is official one of INNOCAD which is processed this project. It contains general information about Rose Am Lend.
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